The organization of the indirect flight muscle of an aphid (Hemiptcra-Homoptera) is described. The fibers of this muscle contain an extensive though irregularly disposed complcmcnt of T systcm tubules, derived as open invaginations from the cell surface and from the plasma membrane sheaths accompanying the trachcolcs within the fiber. The sarcoplasmic rcticulum is reduced to small vesicles applied to the T system surfaces, the intermembrane gap being traversed by blocks of electron-opaque material resembling that of septatc desmosomes. The form and distribution of the T system and sarcoplasmic reticutum membranes in flight musclcs of representatives of thc major insect orders is described, and the extreme reduction of the reticulum cisternae in all asynchronous fibers (to which group the aphid flight muscle probably belongs), and the high degree of their development in synchronous fibers is documented and discussed in terms of the contraction physiology of these muscle cells.
INTRODUCTION
It is now well established, through the work of Roeder (1951) , Pringle (1957), and Boettiger (1957) , that the evolution of the flight mechanism in certain insect orders has been accompanied by a remarkable physiological specialization: the dissociation between the frequency of the motor impulse train and that of the contractlon-relaxation cycle. In vertebrate skeletal fibers, and in most insect muscles, each nerve impulse elicits a response from the innervated fiber: the "synchxonous" situation. However, in the "asynchronous" flight muscles of certain insects (Diptera, Hymenoptera, Coleoptera, and some Hemiptera), the frequency of contraction may greatly exceed that of the nerve impulses arriving at the neuromuscular junctions.
Electron microscopic studies on insect and vertebrate muscles have shown that many cytological features are common to all fibers: a plasma membrane similar in appearance to that limiting other types of cell; variously arranged cylindrical, irregular, or lamellar myofibrils; and a supply of mitochondria ranging from abundant tO sparse. Huxley and Hanson (1957) noted that the arrangement of actin and myosin filaments in the asynchronous flight muscles of the blowfly Calliphora differs from the trigonal disposition characteristic of vertebrate skeletal fibers, but it has been found that both asynchronous and synchronous insect flight muscles are alike in possessing an array in which each actin filament is placed opposite and midway between adjacent myosin filaments FIGURE 1 Phase contrast micrograph of a 1-# transverse section of the greater part of a large "anatomical fiber" of the indirect flight muscle of the aphid Megoura vieiae. Portions of about 85 elongated or polygonal fibril blocks are included (as between asterisks). Electron micrographs (cf. Fig. 3 ) indicate that while many of these blocks are surrounded by complete cell membranes within the plane of section, in other instances this separation is incomplete, and a cell membrane may be followed from one fibril block to the next. This observation suggests that each muscle may, in part at least, comprise deeply dissected giant fibers. Large tracheal trunks (TR) are seen at the surface of the muscle, and small traeheoles are invaginated at frequent intervals into the fibers, as is illustrated in Figs. 3 and 5. X 300. (Smith, in preparation) , so it is clear that the filam e n t array is not correlated with the physiological peculiarity of asynchronous fibers.
Cytological investigations on vertebrate a n d insect muscles have made a dual contribution to our understanding of muscle physiology: they have permitted a partial assessment of the structural basis of the regulation of the activity cycle of synchronous fibers, and have pointed to the structural distinction between these and asynchronous fibers. These features will be considered in the discussion.
M A T E R I A L S A N D M E T H O D S
The dorsal longitudinal indirect flight muscles of alate adults of the aphid Megoura vidae were employed in this study. These winged forms fly for only a short period before the onset of flight muscle autolysis (Johnson, 1957; 1959) , and individuals capable of active flight were selected. The thoraces of the insects FIGURE ~ Low-power electron micrograph of transversely sectioned flight muscle of the aphid (Megoura viciae (cf. Fig. 1 ). Note the circular profiles of the cylindrical myofibrils (FI) and the abundant mitochondria or sarcosomes (S) lying between them in the extensive sarcoplasm. Portions of three muscle blocks are included; the outer edge of these lies at the extreme right of the field. The extracellular channels between these fibers contain small tracheae (TR'), and profiles of invuginated tracheoles are seen at TR. The lower extracellular channel appears to be a blindly ending invagination, but in many instances these channels appear to be complete, defining individual fiber units. Note the numerous large extracellular cavities (*) (cf. Figs. 8, 5 , and 7) derived as tubular outgrowths from the muscle plasma membrane sheath surrounding the internalized tracheoles. X 5000.
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were bisected medially in 1 per cent osmium tetroxide buffered at pH 7.4 with veronal-aeetate. Fixation was continued for 90 minutes, and the fixation vessel was surrounded with crushed ice. Subsequently, the half-thoraces were transferred to 70 per cent ethanol, in which the muscle blocks were removed from the exnskeleton, dehydrated in an ethanol series, and embedded in Araldite. Sections were cut on a Huxley microtome, stained with lead (Millonig, 1961) , and examined in a Philips EM 200.
RESULTS

In light micrographs of transvelsely sectioned
Megoura flight muscles (Fig. l) the anatomical muscle appears to be divided into numerous more or less elongated fibers, each up to 150 # in width. Low-power electron micrographs (Fig. 2) indicate that this separation into discrete fibers is less complete than the light microscope suggests; that apparently complete intercellular channels may sometimes represent deep clefts in the surface of a larger unit. Motor nerve endings are situated adjoining the cell membrane both at the periphery of the muscle block and deeply within the invaginated clefts, and these muscles perhaps represent smaller numbers of deeply dissected larger fibers. Tracheae and large tracheoles are situated at the surface of the muscle block and within the indentations of the fiber surface (Figs. 1 and 2), and small tracheoles are invaginated into the fibers at all levels. As was found in Tenebrio flight muscle (Smith, 1961 a) and in other insect muscles with an internalized tracheolar supply (Smith, 1962) , each tracheole in Megoura flight muscle carries with it into the fiber a concentric sheath of the muscle cell membrane, and the latter may be separated from the plasma membrane of the tracheolar cell prolongation by a considerable extracellular space, confluent with that surrounding the fiber (Fig. 5) . In Tenebrio and Polistes (Smith, 1961 a; it was found that this circumtracheolar sheath of muscle cell membrane gives rise to an extensive system of tubules, permeating the fiber and apparently representing the transversely oriented plasma membrane component of these specialized muscles, corresponding to the T system of other striated fibers. In Megoura, precisely the same situation obtains, but in this instance the extracellular incursions into the fiber are wider than in Tenebrio and Polistes. Fig. 5 illustrates a circumtracheolar sheath, prolonged into two tubular derivative channels, and transverse profiles of these cylindrical channels are also included in this field. In the micrograph reproduced in Fig. 3 , profiles of several of these tubular invaginations from the surface are seen, situated in the sarcoplasmic matrix between the mitochondria and the cylindrical myofibrils. In longitudinal sections of the fiber, these T system tubules are generally found, in Megoura flight muscle, to be rather poorly aligned with respect to the myofibrillar striations, but on occasions ( Fig. 7 ) they are preferentially situated opposite the level of the Z bands. A further consideration of the location of T system tubules in insect and other muscles will be given in the Discussion.
The myofibrils of Megoura indirect flight muscles are cylindrical, ca. 2 /z in diameter, and, as in Calliphora flight muscle (Huxley and Hanson, 1957) , the thin actin filaments are placed opposite to and midway between adjacent thick myosin filaments, unlike the trigonal arrangement found in vertebrate striated muscles. This orientation is not confined to asynchronous insect muscles--it occurs, for example, in the synchronous flight muscles of damsel flies (Zygoptera) and dragonflies (Anisoptera) (Smith, in preparation) and in copepod muscle (Fahrenbach, 1963) . The mitochondria or sarcosomes are abundant, as in other insect flight muscles (Smith, 1962) , and their diameter approaches that of the myofibrils (Fig. 3) . (FI) and large sarcosomes (S), and the relatively abundant sarcoplasm, rich in deeply staining granules, presumably of glycogen. Numerous wide channels are situated in the sarcoplasm (*) between the fibrils and mitochondria; these are tubular structures, here seen in transverse or oblique profile, containing a space confluent with the haemolymph outside the fiber, v/a the peritraeheolar extracellular space (~. Fig. 5 ). These tubules represent the T system components of the fiber: dense flattened vesicles (arrows) arc frequently seen, closely applied to the surface of these tubules in a dyad configuration, an association seen to better advantage at higher magnification in Figs. 5 and 6. X 17,000.
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One of the striking cytological features of many insect flight muscles is the precise alignment of the mitochondria in register with the myofibrillar stiiations (Smith, 1962) probably representing glycogen (Fig. 4) . In vertebrate striated muscles, and in many insect muscles, the sarcoplasmic matrix between the fibrils is virtually filled with tubular or cisternal elements of the longitudinally oriented sarcoplasmic reticulum extending between successive T system tubules. The striking exceptions to this general rule are the asynchronous flight muscle fibers of Coleoptera (Smith, 1961) , Hymenoptera (Smith, 1962) , and Diptera (Smith, 1963) . To this series may now be added the hemipteran, Megoura. In Tenebrio it was observed that the ramifying plasma membrane and tubules (the T system) within the fiber are closely associated with small flattened vesicles in a "dyad" configuration, apparently analogous to the "triads" of vertebrate fibers (Portei and Palade, 1957) , and it was suggested that the vesicles involved in the dyads represent, in greatly reduced form, the longitudinal cisternae of the sarcoplasmic reticulum. Dyads have more recently been described in asynchronous muscles of Calliphora (Smith, 1963) and Drosophila (Shafiq, 1964) , and appear to be a characteristic component of this type of muscle. These associations are very clearly seen in Megoura: throughout the sarcoplasm, flattened vesicles, up to 5,000 A in length and containing material of greater density than the sarcoplasmic matrix, are seen, closely associated with the T system tubules (Figs. 3 and 5). At higher magnification (Fig. 6 ) it is apparent that the space between the adjoining membranes of the dyad is not optically homogeneous, but contains dense interpolated blocks at intervals of ca. 300 A. Similar structures occur between the T system tubules and the sarcoplasmic reticulum cisternae in the synchronous sound-producing tymbal muscle in the cicada Tibicen (Smith, in preparation) . These intermembrane structures may be comparable with the processes derived from the terminal cisternae of the sarcoplasmic reticulum in the triads of certain vertebrate muscles (Revel, 1962) . Fahrenbach (1965) has recently shown that in some instances (human rectus abdominis; striated muscles of copepods, ostracods, and barnacles) the gap between the T system and sarcoplasmic reticulum surfaces may be obliterated by membrane fusion, a situation resembling the zonula occludens regions occurring between vertebrate epithelial cells (Farquhar and Palade, 1963; . It has been suggested, with reference to synchronous muscles, that this close apposition of membrane components may result in the establishment of localized regions of low resistance, permitting the conduction of excitation distributed throughout the fiber along the T system tubules to the terminal cisternae of the sarcoplasmic reticulum, triggering release of calcium ions from the cisternae permitting the operation of the myofibrillar ATPase mechanism involved in contrac-FIGURE 4 Higher magnification electron micrograph of transversely sectioned Megoura flight muscle. Note the regular array of hexagonally arranged thick and thin filaments within the fibrils; these presumably contain myosin and actin, as in vertebrate skeletal muscle. In the fibril opposite FI at upper left, a "lattice defect" is present, resulting from the omission of two myosin filaments. The large mitochondria contain closely packed eristae, and dense granules (GR), situated in the matrix. The sarcoplasm bears many granules (G), ca. 200 to 250 A in diameter, believed to represent glycogen. Three profiles of extracellular (T system) channels are included (*); these are limited by tubules of invaginated muscle plasma membrane (PM), and are thought to play the role of conduction of excitation within the fiber. X 60,000.
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THE JOURNAL OF CELL BIOLOaY " VOLtYME 27, 1965 tion (cf. Porter, 1961; Fahrenbach, 1965; Ebashi, 1961; Peachey, 1965) . Measurements carried out on longitudinal and transverse sections of Megoura flight muscle indicate that no point within the contractile system is farther than about 2/z from an invaginated plasma membrane (T system) tubule.
DISCUSSION
Two major contributions to our understanding of muscle function, afforded by electron microscopic studies, have been the elucidation of the myofilament disposition within the sarcomere of vertebrate striated muscle during the activity cycle (Huxley and Hanson, 1960) and the recognition of the derivation and probable physiological role of the membrane systems of striated muscle fibers, originally described by Bennett and Poiter (1953) and Porter and Palade (1957) , in electron micrographs, as the "sarcoplasmic reticulum." This last system has now received attention in a variety of animal types, and these studies have confirmed the original descriptions of this complex, as consisting of a transversely oriented component traversing the fiber at a characteristic sarcomere level, and longitudinally disposed cisternae or tubules ensheathing the fibrils throughout the intervening sarcoplasm. The transverse component (T system) has recently been shown (Smith, 1961 a, b; Huxley, 1964; Page, 1964; FranziniArmstrong and Porter, 1964) , in insect and vertebrate muscles, to comprise open invaginations of the muscle cell membrane, and it seems probable (Peachey and Porter, 1959; Smith, 196I b, 1962; Huxley, 1964; Franzini-Armstrong and Porter, 1964; Peachey, 1965 ) that this invasive extracellular tubular system may afford the pathway along which excitation initiated at the periphery of the fiber is conducted inwards, radically reducing the distance across which membrane excitation must act in the triggering of fiber contraction. In the majority of striated muscles, the elements of the T system are flanked by the membranes of the sarcoplasmic reticulum, which are unconnected with the cell membrane. Preparations of the muscle "relaxing factor" originally described by Marsh (1951 Marsh ( , 1952 , capable of preventing contraction of myofibrillar fractions or glycerinated fibrils in the presence of ATP, comprise predominantly "microsomes" derived from the sarcoplasmic reficulum and probably also from the T system (Nagai et al., 1960; Muscatello et al., 1961) . The relaxing properties of this fraction appear to act via its ATPmediated calcium-binding activity (Ebashi, 1961 ; Ebashi and Lipmann, 1962; Hasselbach and Makinose, 1960; Hasselbach, 1964 (TC) and limited by the cell membrane at 1. Surrounding the tracheolar process is a rather extensive extracellular space (ES) confluent with the haemolynlph outside the fiber and limited by invaginated nmscle cell membrane. This extracellular channel is continued in the central region of the field into two elongated finger-like processes (large asterisks) and beneath these are situated two profiles of such processes in transverse section (small asterisks). In three places (arrows) small flattened vesicles are closely applied to the internalized muscle cell membrane tubules to form two-membered dyads (cf. Smith, 1961 a) .
The organization of a dyad is further illustrated in the next figure. X 40,000.
FIGURE 6 Illustrating the organization of a dyad association between muscle cell membrane (T system tubule) of a peritracheolar sheath (PM) and a vesicle, containing dense nlaterial, believed to represent a unit of the greatly reduced sarcoplasmic reticulum (SR)
exhibited by these asynchronous flight muscle fibers. Note the closely apposed membranes of the dyad, and the small blocks of interpolated dense material traversing the intermembrane gap (opposite arrows). The upper portion of the field includes a large extracellular space contained within a large T system tubule (cf. Fig. 5 ). X 90,000.
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THE JOURNAL OF CELL BIOLOGY • VOLUME ~7, 1965 in other asynchronous flight muscles, the I bands are extremely narrow. Note transverse profiles of the T system tubules derived from the peritracheolar muscle membrane sheaths (cf . Fig. 5 ) ; in this instance, these (*) are generally located at the Z band level, though this orientation is by no means invariable in the flight muscle of this insect. Large sareosomes or mitochondria (S) are situated alongside the fibrils. A longitudinally oriented portion of a T system tubule is at lower left (arrow) : note absence of an extensive system of cisternae of the sarcoplasmic reticulum between the T system elements--a characteristic feature of asynchronous flight muscle fibers. X 15,000. A tabular listing in which the physiological characteristics, the disposition of the T system, and the degree of development of the sarcoplasmic reticulum are noted. Vertebrate skeletal fibers and many insect skeletal fibers are synchronous in their response to the motor impulse train (S), but some insect flight muscles respond asynchronously at higher frequency than that of the motor stimulation (A). All these skeletal fibers contain a well developed T system derived from the cell membrane; this system may be variously disposed: at the level of the Z bands (Z), at the junction of the A and I bands (A/I), midway between the Z and H bands (Z/H), or more irregularly situated (irregular). In synchronous fibers of insects and vertebrates, the accompanying cisternae of the sarcoplasmic reticulum are well developed (*), but in the asynchronous flight muscle fibers nf certain insects this membrane component of the sarcoplasm is very much reduced in extent (red.). contraction, and of the cisternae of the sarcoplasmic reticulum in controlling the activity of the fiber via cyclic release and uptake of calcium ions has been discussed by Porter (1961 ), Ebashi (1961 , Hasselbach (1964 a), and Peachey (1965) .
Perhaps the most striking revelation of comparative cytological studies on striated muscle fibers is not the detailed variation between one fiber and another, but the common features of organization displayed by cells with comparable
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functional characteristics. Particularly, in the context of this discussion, electron microscopic studies have shown that a well developed and regularly deployed complement of transversely and longitudinally oriented sarcoplasmic membrane systems appears always to be present in vertebrate fast fibers, in which a mechanical response synchronously succeeds each motor nerve impulse and surface membrane depolarization. Within this gioup of muscle cells, however, it has been found that the sarcomere level at which the T system tubules traverse the fiber is variable (see Table I ) : in vertebrate fibers, these structures may lie either at the Z band level or at or close to the level of the junction between A and I bands. The microdepolarization experiments of A. F. Huxley and coworkers (Huxley, 1959; Huxley and Straub, 1958; Huxley and Taylor, 1958) carried out on vertebrate muscles lend good support to the supposed excitatory function of this transverse tubular component.
When we turn to the insects, we find that a similar structural situation obtains; that in fibers responding synchronously to the motor impulse train, both the T system tubules and longitudinally disposed elements cf the sarcoplasmic reticulum are well developed. These fibers differ from their counterparts in the vertebrate body in that the T system tubules are aligned not at the Z or A/I levels, but midway between the Z-band level and the H zone in the center of the sarcomere (Table  I) . This configuration has been found to hold good not only for insect leg muscles (e.g., Orthoptera and Hymenoptera) but also for the flight muscle fibers of those major insect orders (Orthoptera, Odonata, Lepidoptera, Neuroptera (Megaloptera and Planipennia), and Trichoptera) that have preserved the condition of physiological synchrony in the fibers responsible for the power-strokes of the wing mechanism.
As was mentioned in the Introduction, the evolution of the flight musculature of certain insect orders has been attended by a most unusual physiological specialization--the desynchronization of the motor impulse train and the fiber contractile response in a system in which length changes in the antagonistic wing levator and depressor muscles may occur at a frequency far surpassing that of the fastest acting synchronous fibers of insects or vertebrates. Physiological studies (references in Pringle, 1957; Boettiger, 1957; Roeder, 1951) have shown that this asynchronous muscle is peculiar to the flight muscles of Diptera. Hymenoptera, Coleoptera, and many Hemiptera, and has been paralleled only in the case of the sound-producing tymbal muscles of a few cicadas (Pringle, 1957) . Electron microscopic studies on the flight muscles of the first three of the above mentioned orders have already been carried out (Smith, 1961 (Smith, a, 1962 (Smith, , 1963 , and these have indicated that in each case the membrane systems of the fiber differ consistently and suikingly from those of synchronous fibeis of vertebrates or insects. A well developed transverse tubular system confluent with the peripheral plasma membrane, corresponding to the T system of other fibers, is invariably retained, sometimes, though by no means always (Table I) , oriented with respect to the sarcomere banding. In each of these instances, however, the longitudinally oriented elements (the sarcoplasmic reticulum) are reduced to small vesicles, adjoining the membrane surfaces of the T system tubules in "dyad" configurations, but occupying an extremely small volume of the fiber.
The structural studies described in this paper place the indirect flight muscle fibers of the aphid Megoura viciae (Homoptera) clearly into the category of asynchronous muscles. Neurophysiological studies on the flight muscles of these small insects have not yet been accomplished; so in this instance the excitation-contraction properties of the tissue are predicted on the basis of its cytological architecture. The flight muscle fibers of this insect are deeply indented with invaginated tubules derived from the cell surface and from the peritracheolar cell membrane sheath (of. Smith, 1961 a) , constituting unusually wide extracellular channels, permeating the fiber, with a preferred, though not invariable, orientation at the Z-band level. The associated small vesicular components, regarded as highly reduced sarcoplasmic reticulum cisternal structures, are well defined, and occur only in close proximity to the invaginated cell membrane derivatives, the narrow gap between these two membranes being traversed by evenly spaced electron-opaque material--an elaboration also present between .the dyadic junction of T system membrane and the extensive sarcoplasmic reticulum in the synchronous tymbal muscle of the cicada Tibicen and the flight muscles of Odonata (Smith, in preparation) . It may be mentioned, in passing, that examples of two other hemipteran families, another homopteran (Cercopidae) and a heteropteran (Pentatomidae) ( Table I) found, in the electron microscope, to possess indirect flight muscle fibers similar to those of the aphid, here described in detail.
The maximum distance between the T system tubules and the fibrillar material is similar in synchronous and asynchronous flight muscle fibers--of the order of 1 #--although the T system of the latter has departed from the precise mid Z/H register characteristic of synchronous fibers, in many instances. Shafiq (1964) noted that this orientation is retained in Drosophila, but an irregular disposition of the T system has been noted in flight muscles of Tenebrio and Calliphora (Smith, 1961a; 1963) , while in the Hymenoptera (Polistes; Smith, 1962) , these structures are found to be positioned at the level of the H band.
If, as seems very likely, one of the chief functions of the longitudinal elements of the sarcoplasmic reticulum in synchronous fibers is the control of the contraction-relaxation cycle, via the calcium activation of the myosin ATPase, then the extreme modification of the sarcoplasmic reticulum in these specialized fibers is perhaps to be expected; certainly, the cytological and physiological correlation is precise enough. However, the presence of sarcoplasmic reticulum components, albeit in reduced fo~m, must be accounted for, and in this connection it is pertinent to consider the structural and enzymatic properties of the filament array in asynchronous insect flight muscle fibers.
H. E. Huxley and Hanson (1957) pointed out that a double hexagonal array of thick and thin myofilaments (presumably of myosin and actin) is present in the indirect flight muscle fibers of the blowfly Calliphora, but that the arrangement of these filaments differs from the trigonal configuration of actin filaments and myosin filaments in vertebrate striated muscles. Auber and Couteaux (1963) have recently shown that in these muscles a complex interconnection of the I-filament branches traverses the Z band, and this system must be regarded as a structural elaboration of the array in vertebrate fibers, described by Huxley (1957) . The sequence of filament movements, occurring under nearly isometric conditions, in these muscles, has not yet been fully elucidated, but it is possible that the small change in sarcomere length occurring during the oscillatory length changes reflects filament "sliding," possibly accompanied by configurational changes in the filament branches in the vicinity of the Z bands. Tice and Smith (1965) have shown cytochemically that, in Calliphora flight muscles, calcium-activated ATPase activity is present in the A bands of the fiber, but is absent from a narrow region flanking the Z bands--possibly corresponding with the I bands of vertebrate fibers. This study also indicated that the myofibrillar ATPase activity is closely associated with the thick (myosin) filaments of the array, and that a calcium-controlled linkage between actin and myosin components in the myofilament array, as in vertebrate muscle, is strongly indicated.
It has been shown that during activity of asynchronous muscle fibers the motor impulse train is required to maintain the cyclic length changes of the tissue, and, initially in connection with the asynchronous tymbal muscle of the cicada Platypleura, Pringle developed the concept of the "active state," initiated by each nerve impulse, and established that within this period several lengthchange cycles could be completed (Pringle, 1957) .
In terms of what we know of the structure of asynchronous fibers, and by inference studies on other striated muscles, it seems possible that calcium release and uptake play a role in initiating and maintaining the activity of the fiber, perhaps via the morphologically much reduced vesicles of the sarcoplasmic reticulum, but that some independent property of the fiber controls the high-frequency length changes occurring during each active state. However, the oscillatory high-frequency length changes in asynchronous muscle take place only when the muscle is suitably loaded; in the intact system, this loading is afforded by the mechanically resonant system of the thoracic exoskeleton and the wings, or, in tymbal muscle, by the "click mechanism" associated with the cuticular tymbal (Pringle, 1965) . When isolated fibers of asynchronous muscle are stimulated under isometric conditions, they parallel the response of other striated muscles in exhibiting a smooth tetanus upon high-frequency stimulation (Boettiger, 1957; Pringle, 1957 Pringle, , 1965 . As Pringle points out, a full analysis of the physiological properties of asynchronous muscle must take into account the separate processes of excitation-contraction coupling, perhaps resembling that of other muscles, and the oscillatory response peculiar to this specialized tissue. Thus far, electron microscopic studies on asynchronous insect muscles have an obvious bearing only on the former aspect of the activation of these fibers.
In insect synchronous and asynchronous fibers, and in vertebrate striated muscle alike, the se-DAVID S. SI~Ttt Organization of Flight Muscle in Aphid quence of events resulting in membrane depolarization of the fiber appears to be comparable. In each instance, liberation of a chemical transmitter is involved, and electron microscopic studies indicate (Edwards et al., 1958; Smith, 1960; Smith and Treherne, 1963 ) that in insect muscles, whether synchronous or asynchronous, the transmitter is supplied from the terminating axon to the postsynaptic membrane by a mechanism corresponding to that employed at the vertebrate motor endplate (of. Katz, 1962) . From the organization of the membrane systems of insect muscles, moreover, it may be inferred that, as in vertebrate fibers, peripherally established membrane depolarization is channeled inwards along the tubules of the T system, which are equally well developed in all flight muscle fibers. The reduction of the sarcoplasmic reticulum in asynchronous fibers does not preclude the possibility that excitation-contraction coupling follows the same pattern as in vertebrate fibers, and, as Pringle (1965) suggests, this reduction may be correlated with the observed slowness of the coupling in asynchronous muscles, at the onset of activity. However, subsequent control of the high frequency cyclic activity of the myofibrils, dependent on fiber length in a mechanically resonant system, cannot at present be attributed to any feature of the fibrillar or membrane organization, except negatively, in the
